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and Bxrxml argue that phot~~r~ceptor sampling occurs oft the inner rather than outer segments. Fovea1 inner se_gnents form a iatticr-like array that should create visible &f&r& patterns when frequencies above 60~ deg are image by interferometry. Despite a checkered past. this prediction is confirmed by recent experiments. Extrafovenlly, frequencies nbote the nominal Nyquist limits of the cones are routinely present in the retinal image, Spectral analysis show that the inner segments there farm optimally irregular sampling arrays that avoid Moir& distortIon by scattering supra-Nyquist frequencies into broadband noise. Thus it appears that topological disorder in the receptor mosaic prevents alinsing outside the fovea-the only place it could occur in normal vision. YeUott (t982) de& with two puzzIes: (1) the fact that normal extrafoveal vision is not plagued by Moiri distortion despite a large mismatch between retinal image spatial bandwidth and the nominal Nyquist limits implied by extrafoveal cone density: and (2) the Cd& that apart from Byram (I 844), studies of fovea1 acuity for interference fringes have generally reported limits on the order of 6Oc;deg (LeGrand. 1937; O'Brien, 195t; Westheimer, 1960: Campbell and Green, 1965) . If the fovea1 cones form a spatially regular sampiing array one would expect much higher limits, because frequencies above 60 c'deg should alias back to detectable lower frequencies.
Since outer segment diameters are too smalJ to support an explanation of either puzzle in terms of contrast reduction due to integration over receptor apertures, I sought solutions based on topolagical disorder in the receptor mosaic. Spectral analysis of a section of human fovea1 outer segments indicated an optimally disorderly sampling scheme, whereby spatial frequencies above the nominal 6Ocjdeg Nyquist limit implied by fovea1 cone density would be scattered into broadband noise, instead of al&sing back to specific low frequencies, while frequencies below that limit would largely escape masking by sampling noise. This resuft seemed to explain puzzle (2).
It also offered a potential explanation of puzzle (If. but no spectral analysis ofextrafoveal receptor arrays had been made at that time. Now such an analysis has been made for sections of rhesus cones ranging from the parafovea to the far periphery (Yetlott, 1983) . The results indicate that throughout the extrafovea1 retina the cones form optimally random sampling arrays that avoid al&sing by scattering spectral energy from supra-Nyquist frequencies into broadband noise. The signature of this sampling scheme is a "desert island" power spectrum consisting of a spike at the origin surrounded by a circular noise-free island whose radius is always twice the nominal Nyquist frequency implied by local cone density. The sections used in that analysis allow one to visualize the spatial arrangement of both outer and inner segments. and the degree of spatial disorder is the same for both. Extrafoveal inner segment diameters are too small to prevent atiusing by integration over the receptor aperture: e.g. in the parafovea, where the nominal Nyquist frequency is I5 c;deg. inner segment dimensions (diameter approximately 1.2 min visual angle) imply that a 30 cideg grating retains 60", of its original contrast. Thus regardtess of whether image sampling ef?ectively occurs at the inner or outer segment level. it appears that spectral scattering by an irregular sampling array is the major factor that prevents aliasing outside the central fovea. In other words. one can accept Miller and Bernard's argument and still conclude that topologicat disorder provides a solution to puzzle { 1).
Puzzle (21 now appears in quite a different light. Here Miller and Bernard's argument implies not only increased high frequency attenuation due to integration over a larger receptor aperture, but also--and far more critically-a dramatic increase in the spatial regularity of the effective sampling array. ;Milfer's (1979) striking photomicrograph of $4. irus fovea1 inner segments, and comparable sections from IM. muhrra published by Borwein ef al. (1980) . clearly
